Haar wavelets are applied for solution of three dimensional partial differential equations (PDEs) or time depending two dimensional PDEs. The proposed method is mathematically simple and fast. Two techniques are used in numerical solution, the first based on 2D-Haar wavelets and the second based on 3D-Haar wavelets and we compare them. To demonstrate the efficiency of the method, two test problems (solution of the diffusion and Poisson equations) are discussed. Computer simulation showed that 3D-Haar wavelets are better and closer to the exact solution but it is need to more time from 2D-Haar wavelets.
Introduction
As a powerful mathematical tool, Wavelet analysis has been widely used in image digital processing, quantum field theory, numerical analysis and many other fields in recent years.
Haar wavelets have been applied extensively for signal processing in communications and physics research, and more mathematically focused on differential equations and even nonlinear problems. After discrediting the differential equation in a convention way like the finite difference approximation, wavelets can be used for algebraic manipulations in the system of equations obtained which may lead to better condition number of the resulting system [1] . Open Access Library Journal Wavelet methods have been applied for solving partial differential equations (PDE-s) from beginning of the early 1990s [2] and [3] . In the last two decades this problem has attracted great attention and numerous papers about these topics have been published. Due to this fact, we must confine somewhat our analysis; in the following only PDEs of mathematical physics (elliptic, parabolic and hyperbolic equations) and of elastostatics are considered. From the first field of investigation, the papers [4] [5] [6] and [7] can be cited. As to the elasticity problems, we refer to the papers [8] - [13] . In all these papers, different wavelet families have been applied.
In most cases, the wavelet coefficients were calculated by the Galerkin or collocation method, by it we had to evaluate integrals of some combinations of the wavelet functions (called also connection coefficients).
Among all the wavelet families, the Haar wavelets deserve special attention. They are made up of pairs of piecewise constant functions and are therefore mathematically the simplest of all the wavelet families. A good feature of the Haar wavelets is also the possibility to integrate these wavelets analytically in arbitrary times. A drawback of these wavelets is their discontinuity; since the derivatives do not exist in the breaking points, it is not possible to apply these wavelets directly for solving PDEs. Ü. Lepik has applied this technique for solving different 1-D problems [14] [15] [16] and [17] . Also he used two dimensional Haar wavelets in solving PDFs which contain two variables [18] [19] [20] . The method is fast and with low error.
The aim of the present paper is to develop the Haar wavelet method for solving three dimensional PDEs, which is fast, mathematically simple and guarantees the necessary accuracy for a relatively small number of grid points. The method is an expansion of the 2D Haar wavelets method which discussed in [18] .
We developed 3D and 2D Haar wavelets approximations to the solution of the partial differential equation. We obtain the 2D Haar wavelets method as an approximation of the 3D Haar wavelets.
The paper is organized as follows. In Section 2 formulas for calculating the Haar wavelets and their integrals are reported. In Sections 3, the method of solution is described by using 2D and 3D Haar wavelet respectively. In Sections 4 application of Haar wavelets method is presented in solving two problems (integration of the diffusion and Poisson equations). Conclusions and possible further directions of research are offered in Section 5.
Haar Wavelets and Their Integrals
The Haar functions are an orthogonal family of switched rectangular waveforms where amplitudes can differ from one function to another. They are defined in the interval [A,B] by [18] : 
The interval [A,B] is participated into 2M subintervals of equal length; the length of each subinterval is 
It is assumed that the value I = 1 corresponds to the scaling function for which ( )
The operational matrix of integration P, which is a 2M square matrix, is defined by the equation:
d ,
The general form of v-times of integrals [18] :
For solving boundary value problems we need the values ( ) , v i P B , which can be calculated from (4) . In special cases v = 1 or v = 2, we find ( ) ( )
and ( ) 
It is convenient to introduce the Haar matrices 
In the following Sections computer simulations were carried out with the aid of the Matlab programs for which the matrix representation is effective.
Problem Statement and Method of Solution
Consider two-dimensional partial differential equation of higher order: 
Now, by integrating (10) α-times in regard to (y) from 0 to y, we obtain , , , 
Now, by integrating (11) λ-times in regard to (t) from 0 to t, we obtain 1   2 2  2  2  1 , , , 
The Solution by the 2D Haar Wavelets
When we use the 2D Haar wavelets method, we divide the interval
into N equal parts of length ( )
The mean idea of 2D Haar wavelets is to assume that (11) becomes 
We integration (14) λ-times in regard to (t) from t s to t, we obtain 
Application and Numerical Results
We application the 2D Haar wavelet and 3D Haar wavelet methods in solve two problems (diffusion and Poisson equations) and comparison with the exact solution.
Diffusion Equation
Solve the 2D Heat equation in the domain ( ) 
u c u f t x y t u t y u t y t y u t x u t x t x u x y
Here we have 1, 2 λ β = = and 2 α = and suppose that
The Solution by 3D Haar Wavelet Method
The solution by 3D Haar wavelet is begin using the Equation (12) to approximate problem (16) and considering the initial and boundary conditions at x = 0 and y = 0, we get 
Taking x = 1 and using the boundary conditions in the last equation, we ob-
u t x y u t x y y a P t q j P y x x y
Replacing this result back into (17), we obtain 
Similarly and by using the boundary condition at y = 1, we obtain 
which can be rewritten as: 
u t x y u x y a P t P x xq j P y yq l
Derivative the Equation (20), we obtain that 
where 2  1  2  2   2  1  2  2   2  2  2  2  2  2  0,  ,  0 
R H i s P j r x q j P l k y q l c P i s H j r P l k y q l c P i s P j r x q j H l k u u g s r k
f t x y c c x y
The terms which calculated from Equations (1), (4) and (6) respectively. ℑ can be t, x and y.
It is clear that, the wavelet coefficients , , j l i a can be obtained by solving the linear system (24). For simplify, we transform the system into a form with second-order matrices using the following:
Equation (24) 
2M
vectors and S is a ( ) ( ) 
The Solution by 2D Haar Wavelet Method
Now we use Equation (15) to approximate problem (16) and considering the initial and boundary conditions at x = 0 and y = 0, Equation (15) 
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Replacing this result back into (28), we obtain 
Similarly and by using the boundary condition at y = 
t x y u t x y y y t t a P x q l x t t a q j q l
= = = = = =   ∂ ∂   −   ∂ ∂   = − − + −
∑∑ ∑∑
Replacing this result back into (29), we obtain 
Derivative the Equation (31), we obtain that The results for 2D and 3D Haar wavelets method are compared in Table 1 for different values 2M.
We observe from Table 1 that when 2M is not sufficiently large value, means that t ∆ is not sufficiently small value then the error is big, we can obtain more precision by the 3D Haar wavelets than 2D Haar wavelets and in less time. We observe that the precision obtained by 3D Haar wavelets in the case 2M = 4 cannot be obtained for 2D Haar wavelets even one takes 2M = 16 and spends 100 times.
Poisson Equation
Consider 3D Poisson equation [21] ( ) 
The Solution by 3D Haar Wavelet Method
Now the solution by 3D Haar wavelet is begin using the Equation (12) to approximate problem (16) and considering the initial and boundary conditions at x = 0, y = 0 and z = 0, we get 
We use the same technique as in (1) to find the unknown terms in Equation 2) Substitute the boundary condition when y = 1 in equation resulting 1 and replace this result back into 1.
3) Substitute the boundary condition when z = 1 in equation resulting 2 and replace this result back into 2.
Next the boundary conditions are satisfied
u x y z a P z zq i P x xq j P y yq l
Derivative the Equation (41) we obtain that: 
Figure. (2M) as note in Table 1 and Table 2 . Also when 2M = 32, 2M = 64 …, we can obtain the results closer to the exact values.
Also we compare between 2D Haar wavelets method and 3D Haar wavelets method in numerical solution for 3D PDEs, and we have found that 3D Haar wavelets are better and closer to the exact solution from 2D Haar wavelets as shown in Table 1 and Table 2 .
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